Introduction
The Transition Region provides for phase matching of the H+ and H-beams when transported between the drift-tube linac (DTL) and side-coupled linac (SCL). and BM03 operate at fixed fields. The path length through BM05, 06, 07, and 08 is adjustable. This is accomplished by powering half the turns at a constant current and the other half by a variable power supply. The ampere turns add in BM06, 07 and buck in BM05, 08 to allow ±20-mm path length adjustment.
Magnet Design and Fabrication
The TR-II is made up of eight bending magnets, twelve quadrupole magnets, and twelve steering magnets. There is but one design for each type of magnet and their measured operating characteristics had to be sufficiently alike to be interchangeable. The magnets dominate the space available; consequently, relatively small magnets are required. Small, high-field magnets dictate the use of high current densities in the conductor and direct water cooling.
The computer program POISSON was used to establish the magnet iron and coil configurations necessary to achieve the required field quality, integral strength and effective length requirements. Prototypes were fabricated for each of the three types of magnets to verify the POISSON design predictions, incorporate pole tip corrections, and confirm the field quality.
All three magnet designs are "split" to permit installation or removal without disturbing the vacuum system. Because space was at a premium, water-cooled electrical jumpers were used on all three types of magnets to simplify installation. The jumpers carry the current from the main bus bars and, in the case of the quadrupole and steering magnets, also provide *Work performed under the auspices of the U.S. Department of Energy cool i ng water.
All desi gn, fabrication were performed at Laboratory. detail i ng, and coil Los Alamos National Bending Magnets A picture-frame configuration was selected because it has a relatively uniform field and long effective length for a given pole length. To minimize the length, the top and bottom coil sections were limited to two layers each. The coil design had to produce sufficiently uniform fields in both the adding and bucking modes.
All of the bending magnets are identical and are prepared for one or two power supply operations by the connector straps on the sides of the magnets. A 0.1% field uniformity was achieved in both adding and bucking modes and the fB.dl through the center of all eight magnets was within 0.1% without modifying individual magnets.
Quadrupole Magnets
Our initial approach was to use the traditional pole end chamfer to reduce the N=6 harmonic. However, as N=6 is reduced the N=10 increases to an unacceptable level. Our final approach was to apply POISSON determined corrections to measured data to establish an optimized pole contour to minimize the undesirable harmonics. The final pole contour yields N=6, 0.96% and N=10, 0.52% of N=2.
The coil is made up of two sections with two poles per section. Each section is wound from a single length of conductor split on the vertical centerline. This geometry permitted easy coil winding, formed two water circuits without splices, and provided electrical connections that did not have conductors looping the beam.
Steering Magnets
Originally, combined vertical and horizontal steering magnets were considered because of space limitations. However, the transverse field uniformity and high fB.dl requirements dictated the use of dipole magnets. Vertical and horizontal steering are achieved by rotating the magnet 90°.
Typical characteristics of the three types of magnets are shown in Table I . Figure 2 shows the final installation of the magnets in the beam line.
Magnet Alignment Mounts and Support Structure
The density of components in TR-II shown in Fig. 3  required " group" mounting on a single base. Magnets and beam boxes were mounted on a machined saddle (Fig. 2) which provided ±0.05-mm fixed relative alignment. This re-duced the quantity of mounting hardware and made beam-line alignment much easier. Bending magnets are individually mounted on three-point supports. The support is a structural steel heavy weldment with generous "X"-bracing to maximize rigidity. The support structure design allows for integral mounting of utilities as shown in Fig. 2 . To achieve a system alignment accuracy of -±0.08-mm it was decided to use a three-dimensional computer-aided alignment system. This system, shown in Fig. 3 , consists of two digital electronic theodolites, a controller/computer, a printer, and a cart assembly. The theodolites, with 9 x 10-4 angle resolution, input directly to the microcomputer which performs real-time vector calculations. The results are displayed and printed. Typical data includes X, Y, Z coordinates, angles, distance between points, and an uncertainty angle to indicate validity of the sighting. This sytem made it possible to cover the entire TR-II with one set-up of the instruments. A significant amount of time was saved and accuracy improved with the single set-up versus a multiple set-up using hand-held tooling scales.
All components were processed through our tooling dock for measurements and mounting of reference target pads. A cone-shaped target was chosen to provide the best all-directional 3-D viewing. Pitch and roll leveling to ±2 arc seconds was done by an electronic level sitting on the magnet reference pads.
TR-1I Vacuum System
The vacuum system was designed for fast pump-down using three 500-k/s ion pumps, a cryopump, and high conductance piping. The tight spacing of components required split flange disc-type joints and vacuum envelopes with integral beam boxes and special pump-outs. Custom-built vacuum isolation valves were built into the beam boxes at each end of the TR-II. A portion of the vacuum system hardware is shown in Fig. 4 .
Power and Water Systems
Power leads and bus were routed to minimize or cancel induced stray fields caused by 3000-A currents. Typical routing is shown in Fig. 2 . Total power requirements are -1.5 MW, which relates to the high magnet density in 5 m.
The cooling system was also integrated with the support to conserve space as shown in Fig. 2 
